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MSGSl kit for yellow head virus (YHV) detection in growth-retarded shrimp yielded
an unusual 777 bp amplicon instead of expected amplicons of 277 bp for YHV type-1 (YHV-1) or 406 bp
for YHV type-2 (YHV-2). Cloning and sequencing (GenBank EU170438) revealed approximately 80%
identity to non-structural (NS) ORF1b sequences of both YHV-1 (GenBank AA083987) and YHV-2
(GenBank AF227196), indicating an atypical YHV type (A-YHV) phylogenetically equidistant from both
types. An RT-PCR test speciﬁcally designed for A-YHV revealed that it was uncommon and that its
occurrence in shrimp culture ponds did not correlate with growth retardation or mortality. By
immunohistochemistry with YHV-speciﬁc monoclonal antibodies, the A-YHV gave positive reactions for
envelope protein gp64 and capsid protein p20, but not for envelope protein gp116, even though gp116
and gp64 originate from a polyprotein of ORF3. Lack of gp116 immunoreactivity correlated with a large
ORF3 deletion (GenBank EU123854) in the region of the protein targeted by an MAb against gp116.
Transmission electron microscopy of A-YHV-infected shrimp revealed only unenveloped pre-virions.
During manuscript revision, information received revealed that typing of YHV isolates based on sequences
of ORF1b and ORF3 had yielded several geographical types, including one virulent type (YHV-1b) with an
ORF3 deletion sequence that matched the sequence of A-YHV. Using these sequences and an additional A-
YHV sequence (EU853170) from the ORF1b typing region, A-YHV potentially represents a recombinant
between type 1b and type 5. SDS-PAGE and Western blot analysis revealed that type 1b produced a gp116
deletion protein that did not bind with the MAb or polyclonal Ab to normal gp116. Overall, the
information suggested that lack of A-YHV virulence was associated with the NS gene sequence linked to
ORF1b rather than the deletion in ORF3.
© 2008 Elsevier Inc. All rights reserved.Introduction
Yellow head virus was ﬁrst described from Thailand in the early
1990s as a virulent pathogen of cultivated black tiger shrimp Pe-
naeus monodon (Boonyaratpalin et al., 1993; Chantanachookin et al.,
1993; Limsuwan, 1991). In the present work, this ﬁrst type of YHV
is called YHV-1. A similar but less virulent form of the virus was
later described from Australia, but was initially named both
lymphoid organ virus (Spann et al., 1995) and gill associated
virus depending upon whether it occurred in the quiescent state or
acute disease state, respectively (Spann et al., 1997). Herein, thisel).
l rights reserved.second type of YHV is called YHV-2. Later, other non-virulent forms
of YHV were described (Walker et al., 2001, 2002). All of the
viruses in the yellow head complex are now classiﬁed in the virus
family Roniviridae (Order Nidovirales) and in the genus Okavirus
(Walker et al., 2005).
During ongoing analysis of P. monodon cultivation ponds showing
gross signs of unusually slow growth that ﬁt the case deﬁnition
(Sritunyalucksana et al., 2006) referred to as monodon slow growth
syndrome or MSGS (Chayaburakul et al., 2004), we found shrimp
specimens that gave unusual RT-PCR results when using a
commercial kit designed for the simultaneous, differential detection
of YHV-1 and YHV-2. For the shrimp farming industry, it was
important to characterize this atypical YHV variant (A-YHV) and to
determine whether it might be a component cause of MSGS.
Fig. 2. Sample gel of RT-PCR amplicons obtained using the A-YHV protocol with various
shrimp specimens. Lane M=molecular marker; Lane 1=A-YHV; Lane 2=YHV-1; Lane
3=YHV-2; Lane 4=YHV-1 plus YHV-2; Lane 5=distilled water blank.
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Unusual 777 bp amplicon in YHV assays from MSGS ponds
Samples of shrimp from some MSGS ponds gave agarose gels with
a single amplicon band of approximately 777 bp (Fig. 1). This was an
unusual result. Reference to the literature accompanying the detection
kit indicated that the 777 bp band resulted from the outer primer pair
of the nested RT-PCR reaction and that it would be seen only in shrimp
with moderate to heavy infections of either YHV-1 or YHV-2 (called
GAV in the kit). In such cases it would be accompanied by a speciﬁc
band at 277 bp for YHV-1 or a speciﬁc band at 406 bp for YHV-2. Our
result was unusual, since it gave a dominant product at the 777 bp
position (i.e., with the kit's outer primer pair) and only a very faint
band or no band for the nested amplicon positions.
Cloning, sequencing and analysis of the unusual amplicon
When the unusual amplicon was cloned and sequenced (GenBank
EU170438) it was found to comprise 789 bp (including the unknown
commercial primer sequences). The sequence had high identity to a
region of the YHV genome that bridged ORF1a and ORF1b of YHV-1
(Sittidilokratna et al., 2002) (GenBank AY052786 at 82% identity) and
YHV-2 (GenBank AF227196 at 80% identity). Since YHV-1 and YHV-2
share 81% identity in the same region, the unusual 789 bp amplicon
was approximately equidistant from YHV-1 and YHV-2 in shared
identity and thus appeared to constitute a fragment from a new YHV
type for Thailand. It is referred to here as atypical-YHV (A-YHV).
Speciﬁc RT-PCR detection method for A-YHV
It was of interest to know whether A-YHV was associated with
MSGS in shrimp cultivation ponds. Thus, using the 789 bp amplicon
sequence, a set of primers was designed to amplify a speciﬁc 485 bp
fragment from A-YHV but not to cross-react with stock Thai isolates
that gave either a YHV-1 reaction or a YHV-2 reactionwith the IQ2000
detection kit (Fig. 2). Examination of the published sequence of YHV-2
(AF227196) (Cowley andWalker, 2002) also suggested that the RT-PCR
method devised would be unlikely to cross-react with it. The primers
and method are described in the materials and methods section. ThisFig. 1. Sample electrophoresis gel showing an unusual RT-PCR amplicon (circled)
obtained using the IQ2000 kit for differential detection of YHV and GAV. Lanes L and
M=molecular ladder and marker; Lane 1=unusual specimen band at 777 bp; Lanes
2=kit positive control for YHV (YHV-1); Lane 3=kit positive control for GAV (YHV-2);
Lane 3=result from shrimp specimen naturally infected with YHV-1; Lane 5=distilled
water blank.method was used to screen ﬁeld specimens for A-YHV in order to
determine whether there was any correlation with the occurrence of
monodon slow growth syndrome (MSGS) in rearing ponds (see
below).
During manuscript revision, receipt of a student thesis (Wijegoo-
nawardane, 2008; Wijegoonawardane et al. 2008) on typing of YHV
variants revealed high sequence identity in sub-regional (i.e., single
country or neighboring country) types of YHV (97–100%) suggesting
that the RT-PCR method would not be likely to amplify sequences
from variants of YHV other than A-YHV found in Thailand. Although
this suggested probable validity of the method for the limited scope of
this work from Thailand, it is not recommended for use in more
general geographical typing of YHV variants. See the section below for
more detail on typing of YHV variants.
Field screening for A-YHV
Field screening using our A-YHV RT-PCR protocol with 450 grow-
out ponds exhibiting MSGS between 10/04/03 and 21/10/06 revealed
that only 18 (4%) gave positive test results. This indicated that A-YHV
was uncommon in ponds that ﬁt the MSGS case deﬁnition, and it
suggested that A-YHV was unlikely to be a component cause of MSGS.
In addition, none of the A-YHV positive shrimp ponds showed shrimp
with gross signs characteristic of disease caused by YHV-1 (i.e., no
unusual mortality, no faded coloring and no “yellow heads”). This
indicated that A-YHV was relatively non-virulent when compared to
YHV-1. A review of discontinuous data for 170 grossly normal,
captured broodstock specimens sampled from 4 hatcheries between
26/06/03 and 25/08/07 revealed that samples from 2 hatcheries (14
and 20 each) were negativewhile samples from 2 others were positive
(4/10 and 17/126), giving an overall mean prevalence of 13±19% A-
YHV positive for the 4 hatcheries. These limited data and the very
large coefﬁcient of variation (146%) suggested that the prevalence of
A-YHV might be highly variable in natural populations of P. monodon
in Thailand. The A-YHV prevalencewould be even lower if the positive
samples included a portion of other cross-reacting YHV types. It is
likely that A-YHV was previously overlooked due to lack of associated
rearing problems and lack of an appropriate detection method.
There are few reports on testing of captured wild crustaceans for
YHV, even for the most virulent type (YHV-1). In one Thai study on
palaemonid shrimp species (Longyant et al., 2005) and another on
Metapenaeus species and crabs (Longyant et al., 2006) from natural
sources near shrimp cultivation ponds, all samples were negative
using MAb tests and RT-PCR tests for YHV-1, even though laboratory
tests showed that several of the species were susceptible to laboratory
infection by injection or oral challenge. In another report on 32 P.
monodon MSGS ponds (Chayaburakul et al., 2004) all tests for YHV-1
were negative. Unfortunately in all these studies, a test speciﬁc for
YHV-1 was used rather than the IQ2000 test kit or our speciﬁc test
Fig. 3. Photomicrographs of immunohistochemical tests with lymphoid organ tissue of shrimp showing that YHV-1-infected shrimp tissue reacts with MAb against all three YHV
structural proteins while A-YHV-infected shrimp tissue reacts with MAb to p20 and gp64 but not to gp116.
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assessed.
Protein analysis and immunohistochemistry with A-YHV infected shrimp
When shrimp positive for A-YHV and YHV-1 by RT-PCR were
compared by immunohistochemical staining using antibodies to 3
structural proteins of YHV-1, it was found that positive signals were
obtained only in the lymphoid organ. Restriction to the lymphoid
organ has previously been reported for non-virulent types of YHV
(Soowannayan et al., 2003) and for carrier states of more virulent
types (Anantasomboon et al., 2008; Spann et al., 1995, 2003). It was
found that MAb to capsid protein p20 and envelope protein gp64
were reactive for both viral types. By contrast, YHV-1 reacted with
an MAb (Fig. 3) and polyclonal antibody (Fig. 4) to gp116 while A-
YHV reacted with neither (Figs. 3 and 4). Since both the polyclonal
and monoclonal antibodies to gp116 gave no reaction to A-YHV in
infected tissue, we could conclude that absence of a reaction to
gp116 was not speciﬁc to the epitope for the MAb against gp116.
The results might suggest that gp116 was absent in A-YHV
infections except for the fact that its partner gp64 is translated
after gp116 from a single sub-genomic mRNA into a single
polypeptide that is cleaved after translation (Cowley and Walker,
2002; Jitrapakdee et al., 2003). If gp116 were absent, one might
also expect gp64 to be absent. To examine this phenomenon
further, tests were carried out on the genetic nature of A-YHV at
ORF3.
Characterization of an amplicon from ORF3 of A-YHV
Since ORF3 of YHV contains the gp116 envelope protein targeted by
our antibody assays, we used RT-PCR to amplify a portion of ORF3 of A-Fig. 4. Photomicrographs of immunohistochemical tests with lymphoid organ tissue of shrim
but that A-YHV does not. The negative control for A-YHV consisted of the standard protocoYHV. This yielded a cDNA amplicon that was visibly smaller than that
obtained using YHV-1 RNA as the template (Fig. 5). Cloning and
sequencing of the cDNA amplicon (GenBank EU123854) followed by
comparison to the YHV-1 ORF3 gene sequence (Jitrapakdee et al.,
2003) at GenBank (AF540644) revealed that the fragment from A-
YHV comprised 1212 bp (excluding primers) and that it contained a
very large deletion of 162 bases at positions 492 to 747 relative to
the YHV-1 gp116–gp64 gene (Fig. 6). It also revealed a single base
deletion (frame shift) at relative position 343, a 4 base insertion at
497 and another single base insertion after position 511. Other
differences comprised 14 scattered single base substitutions.
Beyond the deleted portion of the ORF3 sequence, the subsequent
partial sequence of gp116 showed very high identity to that of the
reference YHV-1 sequence.
Translation of the nucleic acid sequence into a deduced amino
acid sequence and alignment with ORF3 of YHV-1 (GenBank
AF540644)(Jitrapakdee et al., 2003) (Fig. 7), revealed that the only
alignment that allowed intact, in-frame reading of gp116 (i.e., frame
2) gave rise to a long out-of-frame sequence leading to stop codons
and mismatched deduced amino acids from positions 1 to 140,
corresponding to positions 76 to 214 of the deduced amino acid
sequence of ORF3 of YHV-1 (Jitrapakdee et al., 2003). The amino
acid mismatch between A-YHV and YHV-1 occurred despite the
congruity of the nucleotide sequences in the corresponding region
shown in Fig. 6. From position 141 (i.e., 215 in the YHV-1 sequence),
the deduced amino acid sequences fell back in step and continued
so thereafter, including the gp116 cleavage point (Fig. 7 arrow)
between positions 153 and 154 (i.e., 228 and 229 in YHV-1). The
ﬁrst 10 amino acids of the gp116 protein up to the point of the A-
YHV deletion are underlined in Fig. 7 and show high identity to
YHV-1. The large deletion of 54 amino acids from positions 240 to
293 relative to YHV-1 included the target sequence for the anti-p showing that YHV-1-infected shrimp tissue reacts with a polyclonal antibody to gp116
l minus antibody addition.
Fig. 5. Electrophoresis gel showing the smaller size of cDNA amplicon obtained with A-
YHV than with YHV-1 when using RT-PCR primers speciﬁcally designed to amplify a
portion of the gp116 gene. Lane M=molecular marker; Lane 1=amplicon from A-YHV;
Lane 2=amplicon from YHV-1; Lane 3=distilled water blank.
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unpublished). The deletion did not result in any mismatches
between A-YHV and YHV-1 from YHV-1 position 293 onwards.
However, the large size of the deletion might be expected to result
in a non-functional gp116 envelope protein and possibly also affect
its ability to react with the polyclonal antibody against gp116.Fig. 6. Comparison of the cDNA amplicon containing a fragment of the gp116 gene from A
outlined in grey boxes. Stars under the paired sequences indicate identical bases at that posi
match the underlined amino acid sequence in Fig. 7. Numbering for YHV-1 is based on theTyping of YHV
During manuscript revision, a recent PhD thesis was received from
Australia (Wijegoonawardane, 2008) and a portion of the work was
subsequently published (Wijegoonawardane et al., 2008). This
examined 59 geographical isolates of YHV and assigned them to
several types based on phylogenetic analysis of one region fromORF1b
and another from ORF3. The ORF1b region targeted by the IQ2000 kit
is upstream of the region used for typing by Wijegoonawardane, who
designated the original type of virulent YHV described from Thailand
(Boonyaratpalin et al., 1993; Chantanachookin et al., 1993) as YHV-1.
YHV-1 was further sub-divided into two types YHV-1a and YHV-1b
that were distinguished based on a large deletion in the gene for gp116
in ORF3. Comparison of the matching region of ORF3 from A-YHV
revealed 90% identity to YHV-1b compared with 67% identity to YHV-
1a and 60% or less forWijegoonawardane's other YHV types. However,
ampliﬁcation, sequencing (EU853170) and comparison of the typing
region from ORF-1b gene (Wijegoonawardane, 2008) revealed that A-
YHV had 99% identity to consensus sequences of Wijegoonawardane's
YHV-5, 96% identity to YHV-2 and 95% identity or less to other types,
including YHV-1. The locations of the typing primers used in our study
are shown in Fig. 8. These results suggested that A-YHV is potentially a
recombinant type between Wijegoonawardane types YHV-1b and
YHV-5. This was consistent with the discovery that 10 of the 59
isolates previously described (Wijegoonawardane et al., 2004;
Wijegoonawardane, 2008) were variants that arose from recombina-
tion between ORF1b and ORF3.-YHV with the matching sequence of YHV-1 at GenBank (AF540644). Differences are
tion. The underlined region indicates the ﬁrst 30 bases of the gp116 gene sequence that
numbering for the ORF-3 sub-genomic transcript (Jitrapakdee et al., 2003).
Fig. 7. Deduced amino acid sequence of gp116 protein from A-YHV compared to that of YHV1 (GenBank AF540644). In the line beneath the sequences, identical amino acids are
indicated by stars, those in the same class with colons or dots, while those in a different class are indicated by spaces. The post-translational cleavage point for gp116 is indicated by an
arrow between positions 228–229 and the ﬁrst 10 amino acids of the gp116 protein are underlined (229 to 238 relative to YHV-1). The matching nucleotide sequence is underlined in
Fig. 6. Text outlined in grey indicates the target epitope for MAb 3-2B against gp116.
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To examine whether gp116 was absent in A-YHV or sufﬁciently
altered to not react with the anti-gp116 antibodies would have
required viral extraction and structural protein analysis. For A-YHV
this was not feasible because it was present only in the lymphoid
organ as has been reported for carrier states of YHV (see section
above on immunohistochemistry). Thus, we screened our archived
samples from YHV disease outbreak ponds for specimens that might
give an RT-PCR product indicative of a deletion version of the gp116
gene, similar to that shown in Fig. 5. All these samples had
previously been grouped as YHV outbreak samples according toFig. 8. Schematic diagram of the organization of YHV genomemodiﬁed after Sittidilokratna e
of A-YHV was determined by using A-YHVF1 and A-YHVR1 primers.gross signs of disease, histopathology and positive RT-PCR reactions
for YHV-1. Thus, the group would have included both types YHV-1a
and YHV-1b. From these samples, 2 related specimens of semi-
puriﬁed virions (odd YHV) each gave double bands (Fig. 9)
corresponding to the upper and lower bands seen in Fig 5 and
indicative of the presence of normal and deletion versions of the
gp116 gene. When one of these odd YHV samples was subjected
to SDS-PAGE, 2 protein bands were obtained in the region of the
gp116 envelope protein (Fig. 10a) instead of 1 that is normally seen
with YHV-1. When this viral preparation was ampliﬁed by re-
injection into shrimp and re-puriﬁcation from the hemolymph, the
resulting preparation gave a much more intense lower band thant al., 2008 showing the location of primers used in this study. The deleted region in ORF3
Fig. 9. Agarose electrophoresis gel from YHV outbreak pond samples yielding 2 RT-PCR
amplicons with the primers designed to amplify a fragment of the gp116 gene from
ORF3.
Fig. 11. SDS-PAGE gel andWestern blot proteins from “Odd YHV amp” in Fig. 9b run on a
low strength gel (7.5%). The upper band from the Coomassie blue-stained gel reacts very
stronglywith the polyclonal antibody against gp116. By contrast, the lower band does so
only weakly, despite its higher protein content.
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Western blot of the latter preparation run on a low strength gel
(7.5%) to increase separation of the two protein bands revealed that
the upper band (low protein quantity) reacted very strongly with
the polyclonal antibody against gp116 at 1:2000, while the lower
band (high protein quantity) showed very little comparative
reactivity (Fig. 11). At an antibody dilution of 1:3000, only the
upper band gave a visible reaction (not shown). From these results,
it was concluded that a deletion version of the gp116 protein was
produced by A-YHV but that it did not react with either the MAb or
polyclonal antibody to gp116 in our immunohistochemical tests.
Since the light reactivity in the Western blot was obtained with a
high concentration of protein, it is understandable why the
immunohistochemical tests gave negative results with tissueFig. 10. Coomassie blue-stained SDS-PAGE gel of semipuriﬁed YHV proteins from one of
the samples shown in Fig. 8. (a) Original gel showing two protein bands for the odd YHV
in the region of 116 kDa instead of 1 seen with the reference YHV. (b) Gel from the re-
ampliﬁed virus (Odd YHV amp) from (a) showing increased intensity of the lower band
in the gp116 region. Note that different product marker lots were used for the two gels
and that the marker for (b) was moved to the right of the gel to improve presentation.sections where the relative gp116 protein concentration would be
considerably less than in the gel.
TEM of A-YHV infected shrimp
Since positive immunohistochemical reactions for A-YHV in RT-PCR
positive shrimp were conﬁned to the lymphoid organ, it was used for
electron microscopy. Inspection of many ﬁelds in several thin sections
revealed that only threadlike, encapsidated and unenveloped YHVpre-
virionswere present (Fig.12) while nomature, enveloped virionswere
seen. This differedmarkedly from electronmicrographs prepared from
lymphoid organs of shrimp infected with YHV-1 and YHV-2, in either
acute disease states (Chantanachookin et al., 1993) (Spann et al., 1997)
or carrier states (Anantasomboon et al., 2008; Spann et al., 1995),
where complete, enveloped virions could be readily found together
with unenveloped pre-virions. These images and the Western blot
results suggested that the mature gp116 deletion-protein of A-YHV
may be sufﬁciently altered as to be dysfunctional and to prevent or at
least greatly reduce the formation of typical, enveloped virions. On the
other hand, it is also possible that the phenomenon resulted partly or
completely from the type-5 gene sequence in ORF1b.
As deﬁned by Wijegoonawardane et al. (2008) YHV-1b from
Thailand was obtained from shrimp ponds exhibiting yellow head
disease outbreaks, so it differed from A-YHV that was obtained from
ponds exhibiting slow growth. However, similar to A-YHV, Wijegoo-
nawardane et al. (2008) reported YHV-5 as a non-virulent form, notFig. 12. Example transmission electron micrograph of lymphoid organ tissue of a black
tiger shrimp specimen positive for A-YHV. Note that the pre-virions are present only in
the unenveloped, ﬁlamentous encapsidated form.
167W. Gangnonngiw et al. / Virology 385 (2009) 161–168from disease outbreak ponds. In addition, no recombinant types
between YHV1 and other YHV types were reported (Wijegoonawar-
dane, 2008). From this information, we concluded that non-virulence
for the A-YHV recombinant was more likely to be associated with its
ORF1b sequence than its ORF3 sequence, despite the large deletion in
the latter.
Given the fact that A-YHV did not show mature, enveloped YHV
virions, one might raise the question as to how it would be able to
spread. Since YHV is a positive-sense RNAvirus, we suggest that vertical
transmission of the virus is possible, as it has been reported for YHV-2
(Cowley et al., 2002) and that horizontal transmission may occur
thereafter by cannibalism at the larval, juvenile and later life stages. It is
also possible that it could be transmitted as a result of dual infections
with YHV types that possess a complete gp116 gene sequence, as
suggested by the analysis of our archivalmaterial (Figs. 9–10). Themixed
infections would presumably allow the formation of normal virions
packaged with RNA of both the normal and deletion type.
In conclusion, a probable new recombinant between YHV types 1b
and 5 of the yellow head virus complex (as deﬁned by Wijegoona-
wardane, 2008 and Wijegoonawardane et al., 2008) has been
discovered in Thailand. A speciﬁc RT-PCR method to distinguish it
from YHV-1 and YHV-2 in Thailand suggested that YHV-5 and its
recombinants found during the period of the study were not virulent
for P. monodon and were unlikely to be component causes of MSGS.
However, to fully substantiate that no YHV type is a component cause
of MSGS, detailed analysis of both of Wijegoonawardane's typing loci
would be required in a broader survey of non-virulent YHV types that
may be present in MSGS ponds. In any case, the molecular and
ultrastructural analyses suggested that lack of virulence for A-YHV
was associated with some feature linked to ORF1b rather than the
deletion in the gp116 gene at ORF3. Finally, use of the IQ2000 kit
designed for detection of YHV-1 and YHV-2 would appear to remain
valid at least for routine detection of the most virulent YHV type
(YHV-1) found in Thailand, since it is based on ORF1b and would give
the deﬁnitive amplicon around 277 bp for both YHV-1a and YHV-1b,
either in single-type or mixed-type infections.
Materials and methods
Shrimp extracts and screening for shrimp viruses
An initial sample of MSGS shrimp was obtained from a grow-out
pond in Pranburi province, Thailandon10April 2003. Total nucleic acid
was extracted fromshrimphemolymphusing aHigh PureViral Nucleic
Acid Kit (Roche, USA) and subjected to a series of a standard PCR and
RT-PCR assays for known shrimp viral pathogens including monodon
baculovirus (MBV), hepatopancreatic parvovirus (HPV), infectious
hypodermal and hematopoietic necrosis virus (IHHNV) using Ezee-
Gene kits from the Shrimp Biotechnology Business Unit (SBBU, BIOTEC,
Thailand). Tests for white spot syndrome virus (WSSV), Taura
syndrome virus (TSV) and yellow head virus (YHV)/gill-associated
virus (GAV) were carried out using IQ2000 kits from Farming
IntelliGene, Taiwan, ROC. Only the IQ2000 kit for YHV/GAV detection
gave unexpected results.
RT-PCR and analysis of A-YHV amplicon
Result from RT-PCR analysis using the IQ2000 YHV/GAV detection
kit yielded a single major amplicon at approximately 777 bp that was
cut from the agarose gel and cloned into a commercial plasmid (TOPO
cloning kit, Invitrogen). Plasmids with an appropriate insert were
sequenced on both strands by Macrogen Inc. (Korea) and resulting
sequences were compared to those at GenBank using BLAST 2.0
(Altschul et al., 1990, program available online: http://www.ncbi.nlm.
nih.gov/BLAST/). Both nucleotides and deduced amino acids were
aligned to with other genes or proteins by Clustal W 1.7 multiplesequence alignment (Thompson et al., 1994). The resulting variant was
called atypical YHV (A-YHV).
Speciﬁc RT-PCR protocol for A-YHV
Based on the sequence of the unusual A-YHV amplicon
(EU170438), a speciﬁc RT-PCR protocol was designed and tested for
lack of cross reaction with other YHV types and other viruses
commonly found in P. monodon in Thailand. The primers were A-
YHVF (5′-ATC AAT CTA CCC ACG CAA GG-3′) and A-YHVR (5′-ACT CGT
CTC AGG ACG TCA AAA-3′). The kit protocol of SuperScript™ OneStep
RT-PCR with Platinum® Taq (Invitrogen, USA) was used with addition
of 1X PCR buffer (0.4mMof each dNTP, 2.4mMMgSO4), 0.4 μMeach of
YHV4F and YHV4R forward, RT-platinum Taq mix (Invitrogen) and
100 ng of RNA template. The thermocycler protocol included a reverse
transcription step at 50 °C for 30 min followed by pre-denaturation at
94 °C for 2min and PCR for 35 cycles at 94 °C for 30 s, 65 °C for 30 s and
68 °C for 30 s, and a ﬁnal extension for 7 min at 68 °C. The A-YHVF and
A-YHVR primers generated a predicted amplicon of 485 bp. Total RNA
extracted from archived shrimp samples that gave YHV-1 type and
YHV-2 type reactions with the IQ2000 kit were also tested to
determine speciﬁcity of this protocol.
Field testing for prevalence of A-YHV and association with MSGS
Shrimp (P. monodon) were sampled on 18 occasions from different
locations inThailand between10April 2003 and 21October 2006 froma
total of 450 cultivation ponds that ﬁt the MSGS case deﬁnition. These
were subsequently tested by RT-PCR using our A-YHV-speciﬁc method.
A smaller sample of captured P. monodon broodstock collected
discontinuously from4hatcherieswere also testedusing the sameassay.
Histopathology and immunohistochemistry
Shrimp infected with either YHV-1 or A-YHV were preserved in
Davidson's ﬁxative and processed for routine histological examination
(Bell and Lightner, 1988). Immunohistochemistry tests were carried out
usingmonoclonal antibodies (MAbs) speciﬁc for YHV structural proteins
gp116 (MAb–V32B), gp64 (MAb–Y18) and p20 (MAb–Y19) as previously
described (Soowannayan et al., 2003). An additional polyclonal antibody
to gp116 was also employed. This was kindly provided by Prof. Paisarn
Sithigorngul, Srinakarinwirote Prasarmitr University, Thailand.
RT-PCR ampliﬁcation and analysis of gp116 from A-YHV
Due to the lack of an immunohistochemical reaction for envelope
protein gp116 in A-YHV-infected shrimp, primers were designed based
on conserved regions of the ORF-3 regions of YHV-1 and YHV-2 for RT-
PCR ampliﬁcation of a portion of YHV ORF-3 containing the target
epitope formonoclonal antibody (MAb) V3-2B against envelope protein
gp116. The primerswere A-YHVF1 (5′-ATCAATCTACCCACGCAAGG-3′)
and A-YHVR1 (5′-ACT CGT CTC AGG ACG TCA AAA-3′). The reaction
components were 25 μl of 2× reaction mix (0.4 mM of each dNTP
and 2.4 mM MgSO4), 0.4 μM of both primers, 100 ng of RNA template
and 1 μl of RT/Platinum Taq Mix (SuperScript™ OneStep RT-PCR
with Platinum® Taq (Invitrogen, USA), all adjusted with DEPC-H2O
to 50 μl. After gentle mixing and brief centrifugation, thermocycling
was carried out using a GeneAmp 2400 thermal cycler (Applied
Biosystems, USA) as follows: a reverse transcription step at 50 °C for
30 min and pre-denaturation at 94 °C for 2 min, followed by 35 cycles
at 94 °C for 30 s, 65 °C for 30 s and68 °C for 30 s,with aﬁnal extension for
7min at 68 °C. The A-YHVF4 and A-YHVR primers generated a predicted
amplicon of 485 bp. The amplicon was cloned and subjected to
sequencing (Macrogen Inc., Korea). The obtained sequences were
analysed using BLAST 2.0 program of National Center for (http://www.
ncbi.nlm.nih.gov/BLAST/) and its deduced amino acid sequence
168 W. Gangnonngiw et al. / Virology 385 (2009) 161–168was compared with YHV1–ORF3 (Jitrapakdee et al., 2003) by using
Clustal W 1.75 program.
SDS-PAGE and Western blotting
YHV puriﬁcation followed the protocol described in Soowannayan
et al. (2003). To determine viral protein proﬁle, the puriﬁed YHV
fractions were subjected to 12% sodium dodecyl sulfate-polyacryla-
mide gel electrophoresis (SDS-PAGE) and stained with Coomassie
brilliant blue. For Western blotting, viral proteins on SDS-PAGE were
transferred to a nitrocellulose membrane. The membrane was
immersed in a blocking buffer, before incubation with a 1:1000
dilution of either polyclonal antibody or MAb (V3-2B) against gp116 at
4 °C, overnight. Both antibodies were kindly provided by Prof. Paisarn
Sithigorgul, Srnakarinwirote Prasarnmitr, Bangkok, Thailand. The blot
was then washed twice and incubated with a 1:1000 dilution of goat
anti-mouse immunoglobulin G conjugated with alkaline phosphatase
(AP) (Zymed). After extensive washing, the positive signal was
developed with an NBT-BCIP substrate kit (Zymed).
RT-PCR ampliﬁcation and analysis of the typing region of A-YHV ORF1b
The PCR protocol, reaction and primers YH30F2, YH30R2, YH31F2
and YH31R2 used to amplify the ORF1b typing region from A-YHV
were derived fromWijegoonawardane (2008). The amplicon obtained
was cloned and sequenced as described above for other clones.
Transmission electron microscopy
Living shrimp specimens were immobilized by submersion in ice
water, driedwith toweling andsurface sterilizedusing70%ethanol before
aseptic dissection and removal of tissues for cutting into small pieces and
washing with 0.15MMillonig's phosphate buffer (40 mMNaH2PO4 H2O,
100mMNa2HPO4,170mMNaCl,15mMsucrose, pH7.4). Thepieceswere
preﬁxed with 4% glutaraldehyde in 0.15 M Millonig's buffer supplemen-
ted with 1% NaCl and 0.5% sucrose at 4 °C, overnight and post-ﬁxed in 1%
OsO4 in the same buffer for 1 h prior to routine processing for
conventional embedding in Spurr's resin. Ultrathin sectionswere stained
with uranyl acetate and lead citrate before observation under transmis-
sion electron microscope (TEM, Hitachi H-500).
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